Radionuclide Identification Using Identify
and WESPA

Rolf Arlt, IAEA, ret., Z. Soti ITU, J. Brutscher, GBS, V. Kleinrath, Vienna
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Fingerprint Matching
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Fingerprint Matching

!!I.\
g

DROWSING DATADANS

DROWSING DATADNSE..

FrROCESSING

10/19/2010 Monaco 2010 4



Similarities

 FP matching e |sotope ID
— Uniqueness — Uniqueness
— Database of fingerprints — Database of isotopes
— Take fingerprint (FP) — Measure gamma
« Powder, foil, FP reader spectrum with MCA
— Matching procedure — Matching procedure
 FP data base  |sotope libraries
« Acceptance criteria « Acceptance criteria

10/19/2010 Monaco 2010



Reference Databases, e.q.

e Table of gamma energies and intensities
(Identify, WESPA)

— Matching of gamma lines (energy, intensity)

Eal33 53.5326171E+08s:
g0 38key /34.15%
223, 25kel /0. 4596
276, 38kel 7 U555
A02.85ke 10 4%
355, 9%keV /B2 0%
383.84kelV /BB

e Library of gamma spectra
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Fingerprints and Spectrum Pattern

FrROCLESSING

Finger print pattern
versus pattern
of measured gamma peaks

10/19/2010

Measured
Eg, Ig

Baldad 3.326771E+08s
80.38keV /34.15%
223 Zaket 0. 45965
7B, 38keV /7 0855
a0Z2. 8Bkel 5. 4%
250, 99keV /5215
203, 84keV 8. 916

g g

Tabulated
Eg, Ig

Bala3
2 Bdkel([ 8.913%)

Visual matching

v




ldentify and WESPA

 |dentify Is a stand alone ID program

« Matching of tabulated Eg and Ig with
measured values

e Matching is done manually and visually

« WESPA — adaptation of Identify to
Nucleonica.net

 WESPA requires Internet connection

WESPA = Web- based Spectrum
Analyzer
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Key Features of ldentify

« Expert interactive method
— Setup
— Peak Search
— Associate a peak with one of the isotopes
— Overlay peaks to measured spectrum
— Compare both visually

— Find isotope with best match (energy,
Intensity)
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Match and Mismatch

[ tm
\\\N\JL‘ 84, 29k e Ehii]\)w

ey

3
4. 4bkev] §1.25%)
pa133
302 A5ket[ 18.39%]
Bal133
Bal33
276.38ket[ 7.0 3354V 591 %)

922 276.29 kev)

Ba133
160.6keV( 59%]

Ba133
223 23keV[ 45%)

,JLMW\JL
~_)

i j“%
35950V )
922 [ 276.29 keW)

10/19/2010 Monaco 2010 10



Using Identify (demonstration)

Read spectrum
Energy calibration

Setting up detector parameters, filters, absorbers,
distances (use stored settings)

Select a radioisotope library

Peak search

Mark a found gamma peak in the spectrum
Display/overlay other gamma peaks of the candidate
Isotope

Visually (aided by peak rating) find the isotope which
matches best the measured gamma peak pattern
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ldentify File Menu

™ Identify - MCA 166 spectra evaluation2.0 - 3
IE analysis setfings language  help
Read in a spectrum
load & evaluate
load (only channel data) Spectrum uses previous energy calibration

load background spectrum
delete background spectrum
show file content

cave report

print report

print graphic Use screen capture tool instead
exit

C:\Data'Berlizov report\Spectra‘Long-term'Ba-133 unshielded 01.Chn

C:\Data\WESPA ITU 4 Spectral__Eu152_HPGe.spe List of previously loaded spectra
C:\Data\ATAS spectra‘nuclear spectra'Pu'pus 1 metal side cal.spe

C:\Dokumente und Einstellungen'\Rolf\Desktop\CAMBIC ' Cambio Anal\SampleSpectra\OrtecCHM_2350U_3890-10-7992_446g_2m.Chn
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ldentify Detector Function

inj. detector function x|
detector geometry radiation window

detectar IHF'GE j alurnirivirn I 1 i
detectar | Bl I,:mz j gEmAnILT I K i
ares and berpllivim I 0 T

: ira I 7]
{~ thickness |1_4|:||:|4?9 |,3m j L
& relative efficiency compared to 3¢3" absorber
* Nal 5
20 %
| [0 e <]

i~ effective photopeak, senzitive area at |
BE2 kel [524.5 mm

matrix

| 0 o I-:Irdmar_l,l concrete j

distance detector to radiation source I 2 i
[v abzorber settings unsure

propozed accuracy 10 -

standard settings I j use thiz detectar |
peak form: _ -
FuHH Fidexp wizLial efficiency |

cancel |
| g5 4 | 0 kel at IT ke photan enengy
| 1.83 ! | 1] ket at | 1333 kew photon energy
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ldentify Analysis Menu

analysis settings language he

QuickID Ctrl+Q
peak search
auto FWHM search

[r'-“lain library search} F12
Clear evaluation  Ctrl+X
fit this peak F2
Specinfo F11
LUrang3 100
modeling

10/19/2010

Automated processing of spectra, fixed settings

Finds peaks in a spectrum
Peak search and simultaneous FWHM adjustment

Uses largest isotope library for search

Clears evaluation allowing new one with diff. par.

»  Still under development & testing

Monaco 2010 14



ldentify Settings Menu

i, general settings

|seth'ngs language help

general
=nergy calibratio

3p ecal
Al ' jon Euls? F9
detector functio Ctrl4+D

energy calibration graph

visual efficiency Cirl+v
FWHM evaluation Cirl+F
edit library

Bosnia

ITUHPGE | Previously saved
IMEL U environments

ITU MAI

save settings

10/19/2010

- curves
" linear

" logarithric

{* square root

" double loganithmic

¥ spectum

™ background corected
[~ area

[T area emar

[~ detection limit

[~ centroid

[~ efficiency

[ residuals

search senzitivity (1/maw. area emar, 2.3.4]
Search resolution [0.5..1..2)

Possible energy vanations by temperature variations ect ]

| o] oo
i
x

— report options
™ Show uncertain nuclides

[T Show nuclides nat found

¥ Show info about peak assignment

[V Show also nuclide info with cursar info
[T quantities in Bequerel [othenwize ka)
¥ show possible escape peaks

[~ Start with Quickid

[~ Ornimplicit program start
aenerate report anly

[T Nucleoricareport

[V graphic printer output in colour
[¥ Peak label with branching ratio
™ landscape farmat printing

dose rate calibration factar

T

cancel |

ok,

[~ Keep previous calibration when loading

uncalibrated spectra

Monaco 2010
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Gamma Library Editor

in. nuclide library manager

filee preselection nuclides
] cancel |
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main library search

zelect all

large zelection

zmall zelection

show decay products
C:AProgrammes DEMTIFstandard. lib

remarks for nuclide librany

=10l x|

dezelect all

|Eemerkungen
— delete nuclides delete linez

EoZZE B- £.13 H T3.el/3.1230E+00

2gll ) 20.98/3.4128E+01
4 i ZZ23.23/74 . 533cE-01
13 i ¥ 278 _ 3877 .085E+00

Bzl4d B- .74 D 302 .85/1.840E+01

Be 7 EC 53.23 D 255.898/¢ _Z15E+01

BiZzl4 B—- 15.50 M 3B3.84/8.31cE+00

Celdl E- 2.50 D

Celdd B- Z234. 30 D

Co 57 EC 271.77 D

Co &0 B- 5.27 ¥

C3134 EC Z2.08 ¥

Czlic B— 13.1lc D

Cz3l37 B— 30.00 ¥

EulsZz B- 13.33 ¥

Hgz03 B—- 4.0 D

I 131 B- 2.04 D

I 132 B- Z.22 H ll
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Save/Recall Detalls of a
Measurement Setting

« Measurement geometry
— Distances
— Filters |

Save cument settings as:

|HFGe 50 percent

— Matrix

[BackGRND R

k
k
t INELU
k

e Detector parameters \ 7"

idertd. se |Nal I3

— Type, dimensions
— Resolution as function of energy
 Language
 And more...

10/19/2010 Monaco 2010

17




Isotope ID with Identify

=

Hintergrundspektrum
ETH1

F:\Data\Berlizow reportsSpectraiLong-termtEw-152 unshielded 01 PR

T Twehde epart

TChe FagrmerT

Eul52 121.77 keW. 1.2E12 +/- 1.9E-13kg 97 relevant
Co57 122.06 keV, 8.36E-15 +/- 1.3E-15kg 85% relevant

U 234 12091 ke, 2.36E-05 +/ 3.7E-Ofkg_52% relevant
Th232 124.36 keV, 1.20E00 +/- 2E-Olkg 6% relevant

73 26.51 ke
log

21 [7.51 kev]

Eul52
40.1TkeV( 38.38%)

U152
[39.52ke( 21.18%)

“MULJ

Fuls2

45.37keV( 11.11%)

Euls2
121,77kt 28.37%)

334[121.92 kev]

Hintergrundspektrum
DETH 1

T T TR T T

I-:\Data\Berlizow reportiSpectrailongtemtEu-152 unshielded 01 PRE]

AT nuchide repart aclide assignment™
Eul52 121.77 ke, 1.2E-12 +/- 1.9E-13kg 97 relevant
C [} E-15 + 15| ant
U234 12091 ke, 236E-05 +/- 3.7E-06kg 52% relevant
Th232 12436 ke, 1.20E00 +/- 2E-OTkg 6% relevant

89 32.36 keV
log

10/19/2010
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21751 keV)

0 &7
36.47ke( 10.68%)

Co &7
122.06ke] 85.54%)
334 121.92 keV)




Application Centre with WESPA

Open Nucleonica with your password

WESPA at the Application Centre

10/19/2010

* Application Centre

Mass Activity Calculatar

Decay Engine

Dosimetry & Shielding

Fange & Stopping Fower

welKORIGEM

Decay Engine for Large Muclide Sets

Liniversal Muclide Chart

Transzport & Packaging

Muclide mixtures

Muclecnica Scripting

Lizrary creation for 2rd pary software

Gamma Spectrum Senerator

Gamma Spectrum Generator Pra

easy Monte Carlo

Cambic file Converter

( WESPA )

Gamma Likrary

webGraph

19



Load one of the Sample Spectra

Upload spectium ) Spectum | Measurementsetup | Input summary and Run | Peak analpsis | |dentify Report | Spechral Data | About [dentify

Load an input spectrum or select one sample spectrum for identification!

Selected input spectrum |

OR

Sample spectra

(" CoB0_Nal3x3 spe

(" Cs137 _Nadx3 spe

(" 1131_Cs137_Nal3x3 spe
* Ba133 HPGe spe

" Eu152 HPGe spe

Display sample

Durchsuchen.. |

File selection box

~  Spectra for exercise and use

View the spectrum

10/19/2010
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Display Sample Spectrum

Idpload zpectum @ Measzurement setup Input surmrmary and Run Peak analyziz |dentify Report Spectral Data About 1dentify

_Ba133_HPGe.spe

chart by amCharts.com

Spectrum

100000 ’

l
o] ] - |

-
E' 1000 _f'”JL'L|U-4-*_J|m_.J'I__, L__i___m—f'* lh’"""_'d_/ﬁ\\mjﬂl‘
E h
100 A Wﬁ‘”\ﬁ
f
\
10 4

| | | | | | | |
4 G0 Gl 100 120 140 160 180 200 220 240 260 280 300 320 340 380 330 400

(%]
[ =T

Gamma-ray energie, kel
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Verify or Modify Setup

Upload zpectrum Spectrum Meazufement setup Inpot zummary and Fiun Peak analyziz Identify Fieport Spectral Data About |dentify

Muclide Library: |9:a-*::a-':: b

" medicallib " naturallib  standardlib ¢ Upload a Library

Please select the right detector type:
|HF'Ge rel eff 50% j Input summary and Run

Dimensgions in I_

Source Crystal

Crystal
diameter

HH Relative efficency compared to 33" Mal

95 0 I_— Effective photopeak =ensitive arsa at
- | 682 keW

Source to Detector distance Crystal length
Filter / Matrix: [ Tin =l oo mm | Tin =l oo mm
Input window: I;. uminium 0.5 T I ron IZ mm

Energy resolution (FWHM) in kel at I"22 keV:

Inactive layer / Reflector: |-ZI—.e-'-*'a-* |I g mm |§e-'__ |I mm

Energy resaolution (FWHM) in kel at |"33‘2 keV:

Assumed Accuracy I %
10/19/2010




Last Check before Running Ident

Upload zpectrum Spectum M eazurement zetup Input zurnmary ahd Fun Pealk analyziz |dentify Report Spectral Data About [dentify

Selected spectrum
|_EIE|133_HF'GE spe Run ldentify
Selected nuclide library
|5tan|:|ar|:| lib

Diztance detector to radiation =ource IEE 0 e IEI 0 mm
Preposed accuracy |1l:| Matrix
Peak form IU 0 mm

FVWHI FWexp

IEI a8 Il:l kel at |122 keV photon snergy
|1 a Il:l kel at |1332 kel photon energy

Selected detector geometry Radiation window
Detector [HPGe rel eff 50% Aluminium o5 mm
Detector arsa IE? 34 e Germanium IEI 5 mm
Detzctor thicknezz I? cm Berylium II:I mm
Rel. efficency compared to 3*3" Hal I-_12 I} % Iron II:I mm
Effective photopeak =ensitive arsa at 852 ke Il'j-‘lEl a4 me Absorber

|Tin

|Tin

10/19/2010 Monaco 2010 23



“Show peaks” Marks the Peaks
Found by Identify

Upload zpectium Spectum keazurement setup Input summary and Bun |dentify Repart Spectral D ata About Identify

Peak. analyziz

chart by amChartz com

Spectrum

100000

|
1000 LMI LMHJLNJ L—WJLMH#ﬂM-N\ |I|
T

.
“v...w_‘J
100 H

,,u-""_HJL‘ln.J \

Counts per ke

10 H

| | | | ! ! ! ! ! ! ! | ! !
&0 100 120 140 180 180 200 220 240 250 280 300 320 340 3560 380 400 420

(]
(=]

-
(=]
7]
[=]

Gamma-ray energie, ke

. Spectrum . Compton background . Peaks . Fit . Last selected

Show peaks ) Gamma ray energie, L'E-.-:I Ccunts:l
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Spectrum

. A
100000 -
r
A -+ r'y
10000 S r’
'y
A
- ﬂ'ﬂrﬂihd“ M_.-..J.LJL] S .,,_._,_-.----'-“——H—]Lv\..,.__,-.-n-'—"‘\J
T 1g00 4
&
a A !
) !
2 JW
2 A r
i A
3 100 A I\
Ay A A
104 | | | | | | | | | | | | | | | | | | | | |
T T T T T T T T T T T T T T T T T T T
20 40 50 a0 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440

Gamma-ray energie, kel

. Spectrum . Compton background . Peaks . Fit . Last selected

Gamma ray snergie, I:E-f:|35.1[]210|3 Counts:

25489

Detected peaks. Click on the line in the table!!!
[Energy [Chanel FWHM  |Area IRating |Assigned Nuclide
| 2132  71|2604911|2986.789| 1|
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Table of Peaks Found

Detected peaks. Click on the line in the tablel!!

If a found gamma peak is selected

Energy (Chanel[FWHM  |Area Rating|Assigned Nuclide . .
2132 71/2604911/2986789 1| and the Corresfpondlng row1s
0545  85(2088658| 148372 1| clicked, other isotopes
31.16] 104[2671621)96989.14 1] having gamma lines with similar
35.29| 118[2.365115| 6482025 1| energies pop up on the right:
53.46( 178|2589359|32932.02| 1|
71.42| 238(2.898974 (2921501 | 1] INuclide proposal. Click on the line in the table!!!
81.31| 271|2673545 7698523 1| [Nuclide [Energy from Library
16091 536(3145461/1610504] 1| | Br 82| 221.45
203 54| 745(2492104 9857 624 1 " Ba133)| 22323
27660 922| 264300 1370059] 1 | Pu239 | 22538
303.14| 1010[3.7497113200406] 1| | Te132] 22826
356.31| 1188(3.922789/9917048| 1|
384.14| 1280(3.993404[1353642] 1| First Br-82 is clicked

10/19/2010

Monaco 2010

in the spectrum other
lines of this isotope
show up
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Gamma Lines Belonging to Br82

The gamma lines of Br82 are overlaid

A to the measured spectrum. But they do not
coincide with measured lines, Br82 can
excluded

Next the Bal33 peak at 233 keV is clicked...

| | I | |
140 150 181 200 220 240 2810 280

Gamma-ray energie, ke

10/19/2010 Monaco 2010 27



Spectrum

Bal33 Coincides

Monaco 2010

28

100000
10000
3 o [T
51000+
8
=1 f
]
E A
S 1004 A & .u
) &
1']_ |
| | | | | | I | | | I | | | | I | | | | I
20 a1 50 &0 100 1200 140 160 180 200 220 240 260  ZEBO 300 320 2 30 380 ann 4Z0 44l 450
Gamma-ray energie, kel
. Spectrum . Compten background . Peaks . Fit . Last selected
10/19/2010



Bal33 can be

assigned to this gamma
spectrum - click the

tab “Assign the Nuclide to
selected Peak”.

Then the color of the
Lines changes to purple
(Fit) and the job is
completed.

I | | | | |
141 161 180 200 220 240 281 281 300 320 2410 350 380 400

Gamma-ray energie, kel

. Compton background . Peaks . Fit . Last =elect
hts: [100056 5412
aplel!l |Hu-::lide proposal. Click on the line in the tablel!l!
ting |Assigned Nuclide | [Nuclide \Energy from Library
1| | Br82| 221.45
1| | Ba133)| 223.23
1| | Pu239| 225.38
1| | Te132] 228 26
1 | Assign Muclide to selected Peak 29
1/l




Spectrum

3
100000
b
r
-
10000 A
-
J -
3 ed -
2 1000+
B
=% ~ |
] 4
E A
=]
100 A A f
© A i
" A &
10 h
1 1 1 1 ! ! ! ! ! ! ! ! ! ! ! ! !
20 40 60 &0 100 1200 140 180 180 200 220 240 280 28O0 300 320 340 380 380 400 4
Gamma-ray energie, kel
. Spectrum . Compton background . Peaks . Fit . Last selected

Reset . |Gamma rav energie, kel |81.UU4BE Counts: |951 1.329

IDetected peaks. Click on the line in the table!|

|Nuc|ide proposal. Click on the line in the tablel!!

[Energy |Chanel FWHM  [Area IRating |Assigned Nuclide | [Nuclide

\Energy from Library

| 2132 71/ 2604911|2986.789| 1| | Bra2| 221.45
| 2545 852288658 148372 1| | Ba133| 22323
| 3116 104 2671621|96989.14| 1| | Pu239 | 22538
| 3529 118 2.365115|6482025| 1| | Te132| 228 26
|

5346 178|2589359|32932.02| 1|
I [ I I

| Assign Muclide to selected Peak |

10/19/2010
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Acceptance of a Match

* The following peak parameters must
coincide

— Peak location (energy)
— Peak area

— Completeness (all significant peaks of an
ISotope present)

10/19/2010 Monaco 2010
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ldentify and WESPA

e |ntuitive

e Interactive

 Web based

e Operator decides after visualization

* Trained human experts enhance isotope
ID algorithm

10/19/2010 Monaco 2010 32



ldentify and WESPA

 |dentify Is a stand alone ID program

 Matching of tabulated energies and peak
areas with measured values

e Visual check

« WESPA — adaption of Identify to the
Nucleonica.net platform

e Use where-ever Internet available

10/19/2010 Monaco 2010 33



Usage of Radionuclide ID

e Nuclear security and Safeguards, e.g.:
— Pocket and hand held devices (RIDs)
— HPGe detector based gamma spectrometer and 1D software
— Monitoring of pedestrians, luggage and goods at airports
— Sea and land borders
— Security of major public events

 Waste characterization
 Environmental studies
 Radioecology

« Emergency response
* Nuclear facilities

10/19/2010 Monaco 2010
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Detection and Response at the
Border

Large size vehicle monitor alarms
Stop and confirmation of the alarm

Localization and secondary inspection, e.g.

— Search with handheld ~
device (RID)

— Assess dose rate (safety)

— Isotope ID to determine
reponse

Support team Is called...
...10 measure spectrum
with HPGe

- |
'.._.1.-!- ._ ke

10/19/2010 Monaco 2010 35
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Equipment Test Workshop at the IAEA in 2008

Systems based on

Nal

HPGe (electrically cooled)
Handheld, and

Human portable devices

10/19/2010 Monaco 2010 36



Spectral Pedestrian Radiation Monitor, 2"
Field Test at the Airport, Vienna (2009/10)

z+ | Nichts zu deklarere
Nothing to declare




Spectral Personal Radiation Detectors,
Performance Like RID, Require Longer Exposure

Atomtex, Nal ICx US, CZT
Interceptor

A i
G gy

ICx US, CZT
Raider

Mirion, Nal _
Georadis, Nal

10/19/2010 Monaco 2010 38



a'KHAS Khas G

I peak search |

 cursor info

™ nuclide list

" peak report

ib
MDZERO_calSPE

RMDZERO_cal.SPE

identified nuclides

peaks not azzighed:

Eul52, B.79ED4 +/- B.5EN3Bq. 4/3 peaks [ 201, 405, 563, 1734]
Co B0, 231E04 +/- 7.BENZB g, 2/2 peaks [ 1937, 2201]
Cs137.1.76ENS +/- 5.5E04Bq. 1/1 peaks [ 1093)

Energy PwHM[keV] peak area area emor
110,49 839 EF 28.7267E6
16296 BBB F1 2335753
167.44 1.092 67 2953256
169,26 1.098 64 2926903
86273 1.616 24 1203331
888.53 1,603 32 16.2132

Measurement at Ground Zero of
old NW test site, analyzed with

Identify ID software

Py

ul52
244 Bk

Eul

Eulb2
344 28keM[ 26.59%]

7 5%)

121 f 7kt [ 28 37%]

C=137
EE1.BEkeV[ B5.2%)

Eul52
Mk 12.97%)

w152
867 38k

1023 [ 62511 ke

Euls2
111207k 12.56%)
Eulb2
964711k 14, 48]
Eul52
1085, 88kev] 9.94%)
4.21%)

o B0

1173.23ke( 99.9%

Eul52
1408ket 2

ICo 60
1332 5ke0[ 39.93%)

| n\m \

10/19/2010 Gamma lines (energies and intensities) are matched with spectrum, 39
Compton background is approximated by smooth line



Automated, Backpack-Based ID
System with GPS Coupling

* Allows covert operation
— GPS tagged spectrum collection
— Isotope identification in real time
— Data recording in PDA
— Post processing with
Google Earth
e Security of major public
Events

10/19/2010 Monaco 2010 40
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FP
MCA
ID
RID

WESPA
HPGe
Nal
CZT

RT

PDA
GPS

10/19/2010

Abbreviations

Fingerprint
Multichannel Analyzer
Isotope identification

Radioisotope Identification
Device

Web-based Spectrum Analyser
High Purity Germanium Detector
Sodium lodide Detector
Cadmium Zink Telluride

Real time

Personal Digital Assistant
Global Positioning System

Monaco 2010 42
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